Abstract. Hydrogen fuel cell generates electrical energy from the electrochemical reaction of hydrogen and oxygen with water vapor as a by-product. Polymer Exchange Membrane Fuel Cell (PEMFC) and Direct Methanol Fuel Cell (DMFC) which are normally utilized for portable applications are not only costly due to platinum electrodes, polymer membrane and supply of hydrogen or methanol as a fuel but also not integrable with silicon fabrication technology. Novel fuel cell based on nano porous silicon (PS) as Metal/nano PS/silicon Schottky type structure is under development and Open Circuit Voltage (Voc) upto 550 mV with Au as anode catalyst has been reported. Such fuel cell uses nano porous silicon layer as proton exchange membrane. This type of structure is found to show humidity-voltaic effect i.e. generation of voltage in humid ambient.
Introduction
Proton Exchange Membrane Fuel Cell (PEMFC) and Direct Methanol Fuel Cell (DMFC) have been utilized for production of clean energy for portable and transportation applications. They utilize a polymer membrane (Nafion®) as proton conductor sandwiched between the two platinum based catalysts. However, there are various disadvantages of polymer membrane based fuel cells [1] . First is the requirement of generation of pure hydrogen/methanol to supply as fuel. Moreover, using the organic polymer membrane in PEM and DMFC fuel cells and the high-cost platinum catalysts mitigates durability and increases the cost of these fuel cells. Degradation of structural characteristics of polymer membrane material due to diffusion and electro-corrosion processes during electrochemical energy conversion is also a limiting factor. Nano porous silicon is considered suitable as proton conducting membrane [2] for hydrogen fuel cell application due to its unique combination of features, like, retaining crystalline structure with very high surface to volume ratio (upto 1000 m 2 /cm 3 ) [3] , the structure of nano porous silicon is like a sponge in which quantum effects play fundamental role [4] . The pore surfaces of nano porous silicon is covered by Si-H and Si-O which makes it very reactive. These properties of nano porous silicon makes it suitable for gas sensing applications as well [5] .
Miniature hydrogen fuel cells utilizing nano porous silicon is under active development [6] [7] [8] [9] . In this paper we are concentrating on Schottky-type fuel cell. This type of fuel cell, based on Metal/PS/silicon-Schottky type structure has been realized and Open Circuit Voltage (Voc) upto 300 mV with Cu and 650 mV with Au as anode catalyst [10, 11] have been reported. Such fuel cell uses the porous silicon layer as membrane, Metal (Cu, Au) film as electrode-catalyst and this type of fuel cell operates at room temperature in humid atmosphere or under direct supplying of different hydrogen-containing gaseous and liquid fuels. In the present work, our main objective is to improve the Voc. We achieved Voc upto 1.118 V by restricting the pore size of nano porous silicon to 4-6 nm and also the thickness of the Cu film to 100 nm.
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Experimental
The fabrication of fuel cell started with the synthesis of nano porous silicon on silicon substrate. The starting material was p-type silicon wafer with 1-10 ohm cm resistivity and (100) orientation. The nano porous silicon was formed on silicon wafer by electrochemical etching in 1:1 solution of HF and Ethanol. Graphite was used as cathode and silicon wafer was used as anode. The etching was carried out with current density varying from 5 mA/cm 2 to 100 mA/cm 2 . Etching time was kept constant for all samples at 5 minutes. After formation of nano porous silicon, thin copper film was deposited on the nano porous silicon layer by vacuum deposition technique at vacuum of 10 -5 mbar. The thickness of copper film was maintained to 100 nm during deposition with the help of thickness monitor and shutter in vacuum deposition system.
Finally ohmic contacts were formed on copper side as well as on silicon side to complete the device. Fig. 1 shows the schematic of the Cu/nano porous silicon/silicon Schottky type fuel cell while the fabricated fuel cell is shown in Fig. 2 . photoluminescence [12] of orange color as shown in Fig. 3 . The contact mode AFM image of a typical nano porous silicon is shown in Fig. 4 . Here, the sample prepared with a current density of 40 mA/cm 2 and etching time of 5 minutes. In the image randomly distributed nano crystallites and voids are clearly visible. Fourier transform infrared (FTIR) spectra of the porous silicon were recorded by using FTIR spectrophotometer to get information about the bonds present on the porous silicon. Analysis of the recorded spectrum is tabulated in Table 1 below. 
Results and Discussion
The open circuit voltage of fabricated fuel cell was measured with Keithley 2182
nanovoltmeter by exposing the fuel cell to various saturated salt solutions whose relative humidity in the air at room temperature is known. The relative humidity of some chemical solutions in the air at room temperature, which we used, is given in Table 2 . which can be obtained from a single hydrogen fuel cell is 1.23 Volts [14] . We have prepared several samples and we found that the combination of controlling the condition during electrochemical etching and controlling the thickness of Cu deposition are the key to achieve such high Voc. We also observed Voc of approximately 0.9 to 1 volts in ambient which is considered as 45 % RH.
Conclusion
The generation of much improved Voc of 1.118 V in miniature hydrogen fuel cell based on nano porous silicon and Cu anode catalyst has further encouraged the efforts where such fuel cell could be integrated into a silicon chip for realizing the self powered chip. Nonetheless such fuel cell is highly suitable to power miniature electronic devices. Use of Cu as anode catalyst keeps a check on the overall cost of the fuel cell.
